The recent seismic activities in shallow water environment are very dynamic in APAC region, such as in Gippsland basin of Australia and offshore Vietnam. The water depth in this environment could vary from 20 m to 200 m and consequently the seismic data acquired in such environment is often dominated by a strong presence of the surface related multiples. In contrast to surface related multiples caused by deep seafloor which tend to be well handled by conventional SRME, shallow water de-multiple faces some challenges posed by the short-period water-layer related multiples (WLRMs). The main issue is the lack of primary water-bottom reflection in shallow water environment due to the near offset gap caused by the acquisition constraint (Verschuur, 2006) . Besides, crosstalk among multiples is another issue in shallow water environment. (Wang , 2012) Several effective solutions for attenuating short-period WLRMs have recently been developed and discussed. For instance, a method using multichannel prediction operator for estimating the missing water-bottom reflections from WLRMs has been proposed (Hargreaves, 2006) . Sparse inversion can also be utilised in the de-multiple process for avoiding the requisite adaptive subtraction in SRME (Van Groenestijn and Verschuur, 2009) . A similar approach targeting the shortperiod and long-period multiples separately using multichannel prediction filter and conventional SRME respectively has been shown to be an effective workflow (Hung and Yang, 2010).
INTRODUCTION
The recent seismic activities in shallow water environment are very dynamic in APAC region, such as in Gippsland basin of Australia and offshore Vietnam. The water depth in this environment could vary from 20 m to 200 m and consequently the seismic data acquired in such environment is often dominated by a strong presence of the surface related multiples. In contrast to surface related multiples caused by deep seafloor which tend to be well handled by conventional SRME, shallow water de-multiple faces some challenges posed by the short-period water-layer related multiples (WLRMs). The main issue is the lack of primary water-bottom reflection in shallow water environment due to the near offset gap caused by the acquisition constraint (Verschuur, 2006) . Besides, crosstalk among multiples is another issue in shallow water environment. (Wang , 2012) Several effective solutions for attenuating short-period WLRMs have recently been developed and discussed. For instance, a method using multichannel prediction operator for estimating the missing water-bottom reflections from WLRMs has been proposed (Hargreaves, 2006) . Sparse inversion can also be utilised in the de-multiple process for avoiding the requisite adaptive subtraction in SRME (Van Groenestijn and Verschuur, 2009) . A similar approach targeting the shortperiod and long-period multiples separately using multichannel prediction filter and conventional SRME respectively has been shown to be an effective workflow (Hung and Yang, 2010) .
However, after the removal of short-period WLRMs, the higher order peg-leg multiples which includes the short-period WLRMs may not be effectively modelled by 3D SRME using post-SWD data as input. This can result in residual higher order multiples in the data.
3D iterative SRME which takes the advantage of the data with and without short-period multiples simultaneously, provides an alternative workflow to effectively model the long-period multiples. Besides, iterative SRME can effectively handle the crosstalk noise compared with conventional SRME.
METHOD AND THEORY
In theory, the conventional SRME method (Verscuur and Berkhout,1997) can be utilized to attenuate free surface multiples. However. In shallow water environment applying SRME directly may fail to predict WLRMs due to the absence of water bottom reflections. We therefore firstly attenuate the WLRMs by applying the shallow water de-multiple (SWD) method. This method is based on the "2D decon" method originally described by Biesteker (Biesteker , 2001), which uses a multichannel prediction operator.
This operator is statistically estimated and it is a scaled and de-convolved version of the primaries (Heargraves, 2006) . Hung and Yang (2010) improved the SWD method by using a model of the water bottom to derive a deterministic version of the part of the operator that is associated to the water bottom.
The iterative approach is then ensured to attenuate the longperiod free-surface multiples. However, since WLRMs (ABC in Figure1.a) have been attenuated prior to this, the higher order peg-leg surface multiples cannot be reconstructed by the conventional SRME using SWD output as input. In this paper we present an alternative workflow which incorporates the data before and after SWD simultaneously to generate the multiple model, this process is termed as iterative SRME.
SUMMARY
This paper presents our continuous effort on multiples attenuation in shallow water environment. The seismic data were acquired at various locations along the offshore of Vietnam, and the interpretation of the data is made difficult due to the presence of shallow water related multiples. Previously, we have demonstrated a two-step workflow of applying first shallow water de-multiple (SWD) and then surface related multiple elimination (SRME) to handle shallow water multiples. This workflow has been proven to be effective as it has been applied on many marine seismic surveys.
In this paper, we expand our current workflow by incorporating the data before and after SWD as the dual input for 3D SRME model prediction, namely 3D iterative SRME for shallow water for targeting higher order peg-leg surface related multiples that includes the seafloor as one of the multiple generators. Apart from being data driven, 3D iterative SRME for shallow water also takes into consideration the spatially-varying nature of subsurface structures.
We demonstrate, through the real-data examples, that our workflow provides an optimal multiple attenuation solution in the shallow water environment.
Iterative SRME considers the removed WLRMS (ABC in Figure1.a) as part of the input data for the multiple model prediction. Consequently, iterative SRME can reconstruct the higher order surface multiples as demonstrated by the ray path of DABC in Figure 1 .b.
REAL DATA EXAMPLES
The real data example is from the Phu Quoc Basin, southwest offshore Vietnam. The water depth of this survey varies from 20m to 45m, hence it suffers from severe shallow water multiples due to shallow water depth effect (Figure 2) . This survey covers an area of approximately 513.7 km 2 , with different geology as compared to other basins in Vietnam. A strong angular unconformity between Tertiary and Jurassic/Lower Cretaceous sand is distinctive in the seismic data, which also constitutes a significant generator for multiples due to the strong impedance contrast. Figure 3 shows a typical common channel section of this data,. The primary events, which are the angular unconformity in this case, and their corresponding WLRMs and long period surface related multiples are indicated by different colour codes.
The processing flow for tackling the multiples in this data is shown by the flow chart in Figure 4 . Comparing with the conventional flow, the difference lies in the input for SRME; namely, we use the data only after SWD to generate SRME model for the conventional flow while for iterative SRME we make use of the data before and after SWD together to generate the iterative SRME model. Figure 5 presents a common channel data before and after SWD, with 3D iterative SRME applied.
To show the benefits of iterative SRME in comparison with conventional SRME, Figure 6 shows a common channel after SWD, conventional SRME using SWD output only and iterative SRME. In Figure 6 (b) due to the missing of WLRMs, conventional SRME using SWD output only is not able to predict the higher order peg-leg surface related multiples. Figure 6 (c) shows that iterative SRME can deal with these multiples well.
In Figure 7 , we produced the stack section before and after 3D iterative SRME and their corresponding auto-correlations with different time windows. From the results and there autocorrelations, it is obvious that the higher order peg-leg surface related multiples due to seafloor can be effectively predicted and adaptively subtracted with 3D iterative SRME.
CONCLUSIONS
In order to target higher order peg-leg surface related multiples by applying 3D iterative SRME using both the original data and SWD output, we have demonstrated that the current workflow overcomes some special challenges faced by conventional 3D SRME alone after SWD. This workflow expands our existing capability further in providing an effective solution for attenuating shallow water multiples. 
